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Abstract 
The paper reports a capacitive sensor for measuring liquid level which was fully fabricated with the inkjet printing technology. The 
liquid level measurement based on capacitive sensing is already well known technique. The novelty of presented capacitive sensor 
is used technology, obtained structure flexibility and its dimension. The sensor structure was printed on a thin Kapton substrate 
with dimensions of  210 mm x 12 mm, and the thickness approximately 27 μm. The sensor was tested on a vessel witch was filled 
and emptied with water. The tests  shown sensor linearity in liquid level sensing and the lack of hysteresis. Obtained  sensitivity of 
the prototype sensor was approximately 74·10-3 pF/mm. The sensor structure can be applied to any shape of vessel. Furthermore, 
its construction is very simple and in mass production costs could be extremely low. This type of sensor was designed especially 
for autonomous cleaning and washing machines for large areas.  
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1. Introduction 
Many different sensors for liquid level measurements, operating on different principles already exist on the market. 
They are characterized by various measurement range, measurement accuracy, application for particular liquids, 
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reliability of operation and prices. In this paper the capacitive interdigitated sensor for liquid level measurements, 
made with ink-jet printing technology is presented [1]. Ink-jet printing technology is a part of relatively new, but 
rapidly growing printed electronics technology. The printed electronics involved in the production of electronic 
components utilizes most often a flexible surfaces such as a paper, plastic or textiles and uses a specially designed 
printing processes. The ink jet printing technology belongs to the same group of fabrication techniques like screen 
printing, flexography, gravure or offset lithography. In recent years, the sensor market experiences a rapid growth 
mainly due to the development of mobile devices such as smartphones. Many different sensors entrance now into  new 
areas of applications like the environmental protection and control, recreation and health care, etc. In the next 20÷30 
years, production of every sensor types is expected to grow to a trillion units per year. It is clearly seen that to get such 
a large increase of sensor production, in many cases the silicon technology should be abandon for printed electronics 
technology, which is much cheaper. 
2. Sensors design and fabrication 
A presented in the paper the liquid level sensor is typical interdigitated capacitor (as a planar capacitor) [2, 3]. The 
designed sensor was 210 mm long and 12 mm wide (Fig.1). The sensor consists of 33 teeth pairs, where both the 
width of the single tooth and the space between teeth were 90 μm (Fig.2). Certainly, the number of the teeth pairs as 
well the width and the length of a sensor can vary in a broad range. Moreover, these parameters do not have any 
particular limits. Such a sensor dimensions (especially the length of the sensor) are practically not acceptable in 
semiconductor technology. The sensor design is presented in Fig.1. 
 
      
                           Fig. 1. Top view of the planar capacitor structure                                  Fig. 2. View of the sensor part of capacitor structure 
3. Sensors fabrication 
For the sensor fabrication the Dimatix printer type of DMP2831 with 10pl printhead has been used. The sensor 
structure was made on polyimide foil of 25 Pm thick with adhesive coat on the bottom side. The Kapton polymer is 
flexible and allows the sensor to adjust to the shape of the vessel where the sensor is placed (Fig.3.). The conductive 
layer of the capacitor electrodes was made using inks with nanoparticles of silver (SunChemical U5603 Silverjet). 
The ink requires sintering at temperature of about 200°C, so it was necessary to use a substrate resistive on high 
temperatures. The average thickness of electrodes was some 0.2 Pm. The printed electrodes have been covered 
(encapsulated) by another adhesivetape or by dielectric layer of Cytop. So, the sensor to be used with thickness of 27 
Pm (Fig.5a.) was stuck to the vessel wall side with adhesive (Fig.4.). 
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Fig. 3. View of fabricated liquid level sensor 
4. Theory of the sensor operation  
The principle of sensor operation is relatively simple and is based on simplified model shown in Fig. 4 and Fig.5. 
At the beginning lets assume that the unit sensor capacitance C for the case of no water molecules on its surface 
(Fig.5b) is C0. Now lets assume that the unit sensor capacitance C for the case of full sensor surface covered by water 
(Fig.5c) is Ca. That assumption is valid if we treat the water from the pipe  system as a conductor. 
   
Fig. 4. The level sensor mounted on a tank side 
 
 
Fig. 5. a) cross-section of the sensor, b) principle of sensor 
operation with dielectric liquids, c) principle of sensor operation 
with conductive liquids 
The sensor capacitance Cx as a function of liquid height x is given by equation: 
 Cx = [Co(H - x) + 1/2Cax], (1) 
After simple reconfiguration of eq.1 we can get Cx as function of water level x: 
 Cx = [CoH + (1/2Ca - Co)x], (2) 
H
x
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5. Results  
The sensor capacity changes were tested during immersion the sensor in tap water to a depth of 160 mm. The 
measurements were taken using Keysight E4980A precision LRC meter and either Cp and Rp values were recorded. 
Parallel resistance shows nonlinear dependence on water level and its changes cannot be easily explained. The sensor 
capacitance was 16 pF and 27 pF respectively for empty and filled reservoir and its characteristics is nearly linear 
(R2 > 0.999). Small flatness at the beginning of the scale for low liquid level is caused by initial shape of the electrodes. 
Both characteristics also exhibit no hysteresis which is very important in terms of accuracy of the sensor. Figure 6 
shows the sensor characteristic during filling and emptying process. The sensor capacitance sensitivity was determined 
to 74·10-3 pF/mm.   
 
 
Fig. 6. The characteristic of: a) sensor resistance and b) sensor capacitance versus liquid level 
 
As shown in formula (2), the sensor capacitance does not  depend on liquid dielectric constant. However, a series 
of tests were carried out to find out the impact of most common contamination which might be appeared in water 
collected from the floor and definitely could change equivalent dielectric constant of the examined fluid. Figure 7 
presents the results for pure tap water as a reference and with certain impurities. All contaminations were successively 
added to 20 l of water (it gives water level of 110 mm) and then mixed. During the experiment were tested: three 
levels of salt concentration, two levels of dirt and dust taken from vacuum cleaner, two levels of rapeseed oil and 
finally a detergent. First six impurities up to dust and dirt have not significant impact on the sensor capacitance. Only 
the oils give substantially lower capacitance due to the settling on the sensor surface. The last experiment with a 
detergent caused the dissolution of the oil and return to the initial capacitance values. 
In addition to the aforementioned effects, should be considered the influence of external objects that maybe on the 
outer side of the tank. However, that disturbances might be easily eliminates applying electromagnetic guard on tank 
wall. 
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Fig. 7. Measured sensor capacitance versus various contamination concentrations 
6. Conclusions 
Presented capacitive sensor for liquid level measurement was fully fabricated in inkjet printing technology. Its 
examination and electrical characterization were shown in this paper. Based on sensor capacitance changes we can 
claim it could be easily applied for liquid level measurements in autonomous floor cleaning machines with washing 
function. The influence of water contamination by different additives were also examined and as a result only oils 
have some impact on measured capacitance. Due to the sensor substrate flexibility it is possible to attached to the 
container with any walls shape. Such flexible sensor with hermetic coverage in mass production, for instance in roll 
to roll technology, will be very cheap.  
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